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Jan Bencat 
Associate Professor of Civil Engineering, University of Transport and 
Communications, Zillna, Czechoslavakia 
SYNOPSIS: A conventional track structure system consists of rails, ties, ballast, subballast and 
subgrade. To design a track on the basis of live load response and permanent settlement, it is 
necessary to have knowledge of dynamic stresses in the foundation layers of the track. It needs 
to determine the material properties and thus, the dynamic and permanent deformation respor1se of 
the track structure. 
This paper gives results of the experimental measurements of static and dynamic engineering 
soil parameters evaluated by means of box tests, Bencat 1989. 
INTRODUCTION 
Since a complete knowledge of the state of stress 
in the subbalast and subgrade and the knowledge 
of their elastic parameters is necessary for 
predicting the contribution of these layers to 
track setlements, the box tests can provide im-
portant information on track structure system 
field performance. This research was performed 
as a part of a larger project (Federal Transport 
Ministry, CSFR) dealing with dynamic behavior of 
the track system subjected to vehicle loading. 
In the frame of this research, the box of the 
static ai-lc_j dyna11lic 3oil parameter~ ~vere pcrform2d 
in the laboratory of the Dept of Structural Me-
chanics, University of Transport and Communica-
tions Zilina. 
THEORETICAL APPROACH 
Theory of an elastic half-space (Timoshenko 1951, 
Johnson 1985) provides formulation for the evalu-
ation of elastic moduli Er, Ed. Pushing the rigid 
circular plate into the elastic half-space with 
uniform pressure (Hertz pressure) enables to 
develop the relationship for the evaluation of 
the resilient modulus Er = Er ( r, w, y) as 
follows: 
Er=Cl-·i->5/.r.p 






Radius of rigid circular plate, mm 
Static or dynamic pressure at the 
contact area of the rigid circular 
plate and the half-sprace, MPa 
Uniform normal displacement of the 
contact area, mm 
resilient modulus, MPa 
Poisson's ratio 
Eq. (l) is utilized in both the static and the 
dynamic experimental tests for the evaluation 
of static and dynamic resilient moduli of soils 
in situ or by means of box test. Based on the 
examination of the available models of the truck 
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substructure and consideration of its de5ired 
features, theoretical model based on an elastic 
approach provides satisfactory results for 
practical aims. 
MEASURING PROCEDURE 
There exist several standards and prescript i o r1 s 
for the static and dynamic loading tests (in 
situ only) in th~ branch of the civil engineer-
ing activity in CSFR. E.g.C.S. Standard CSN 73 
Fed~ral Transport Ministry rrescription CSD-54-
Railway Subgrade (comprehend prescription for 
static loading tests (SL T) of the subbalast and 
subgrade), etc. To introduce dynamic loading 
test (DLT) for in situ measurement of the 
resilient moduli it was necessary to find the 
relationship between static CEr) and dynamic 
(Ed) moduli of the soils and substitute materials 
(e. g. granulated slag) which are used as a sub-
structure material. Up to now, principles uf the 
method of sleeper subgrade constructiur1 a1-rar1ge-
ment has been used at CSD (Czecho-Slovak Rail-
ways) using modulus Er for each layer. To avoid 
the expensive experiments in situ both the sta-
tic and the dynamic tests uf soil parameters, 
the box tests were carried out in the laboratory. 
Several tests have been validated by comparison 
with field measurements from a test track, too. 
A special test facility was constructed for this 
purpose. It incorporated a wooden box (Fig. l) 
with dimensiones 32Dx29Dxl20 (em), to examine 
the correlation between static and dynamic 
resilient moduli of the subbalast and subgrade 
under simulated field conditions. Figure 1 also 
shows numbered layers of the subgrade and sub-
balast and provides the description of the con-
struction of the box and steel frame of the 
hydromechanical equipment for the static loading 
test. At the contact areas both the bottom and 
side walls of the box were covered by soft compo-
site material with thickness 5,0 em and with 
resilient modulus Er = 10,5 MPa. Before starting 
the static test, the optimal regime of the 
electrodynamic plate vibrator to achive optimal 
degree of the soil compacting according to 
Proctor Standard test (P.S.T .). For each layer af-
ter compacting specimens for standard laboratory 
test of the soil geotechnical properties e. g. 
grain characteristics, specific gravity~. unit 
weight (~), moisture (w) void ratio (e), compac-
tion level, degree of saturation ( Sr), Poisson 
ratio ( ~), etc. 
u 
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SLT DLT G12 SLT DLT M 
81... 815 POINTS FOR LOADING TESTS 
G1... G3 POINTS FOR TAKING SPECIMENTS (•) 
SLT =STATIC LOADING TEST. S1, S2.S3 ... MEASURED 
POINTS(+) 
DLT = DYNAMIC LOADING TEST. 01, D2 ... MEASURED 
POINTS (") 
Figure 2 Box Test Layout - Top View with Posi-
tion of Measured Points 
For cohesionless soils the optimal degree of com-
pacting was expressed by volume mass ( ~ ) with 
the application of TROXLER device (radiometric 
probe- JGP 104). Figure 2 shows the location of 
the points (Gl ... G13) for taking specimens of 
soil at each layer of the substructure. The sub-
grade was successively created by three layers of 
20.0 + 15.0 + 15.0 = 50.0 em of the cohesive soils 
and the subballast was created by the combination 
of the cohesionless soils imposed on the subgrade 
either with geofabrics or without the geofabrics. 
During the test the properties of the tested soils 
were approximately constant. Six combinations of 
soils and substitute materials which created the 
layered substructure were carried out. For each 
combination of soils the subgrade was made as a 
sandy loam (MS) a~proximately with parameters 
~ = 1735.0 kg/m WQPT = 13.9 %. The layers of 
the subballast were successively created by gra-
vel sand, sand and slag. The layers of the sub-
ballast in each test have thickness of 
20.0 + 15.0 = 35.0 em. 
Static Loading Test (SLT) 
The static resilient modulus Er(MPa) of the test-
ed soils was evaluated by measuring the rigid cir-
cular plate vertical displacement w (mm) due to 
hydromechanical equipment. The contact area of 
the plate for each test was A = 1000.0 cm2. 
Figure 2 shows the location of poir1ts Bl ... Bl) 
for the SLT. The resulting vertical displacement 
w of the circular plate for each test was obtain-
ed as an average value of the displacement values 
measured in the points Sl, 52 and 53 which were 
situated at the top of the plate. The vertical 
displacement were measured by inductive displace-
ment transducers which were conjugated with the 
signal amplifier and via computer recorded and 
printed. In Fig. 3 is the interpretation of the 
displacement time history of the typical static 
loading test (T7-l/4). 
0. 0.0 0.0566 0.113 0.169 
2,5 TEST: T6-4/4 (.&) 
GRAVEL SAND (~ = 1970 kg/m3. W = 2.4 Ofo l 




CRP = CIRCULAR RIGID PLATE 
.& ... SUBBALAST WITH GEOFABRICS 
Displacement Time History of the Static 
Loading Test 
The resilient moduli Er were calculated according 
to eq. (l) where w :: ts. w is the measured value of 
the vertical displacement for the second cycle of 
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the SLT due to pressure p=0.22 MPa.This approach 
is sufficient because after a number of load 
repetitions,the soils behave nearly elastically 
as comfirmed by the preceding tests. Then we can 
define the resilient modulus Er as a repeated de-
viator stress (Seed 1965) divided by the recover-
able strain and it does not usually change signi-
ficantly after a large number of cycles. 
Dynamic Loading Test (DLT) 
Dynamic resilient modulus Ed (MPa) was evaluated 
in the same way as a static modulus Er, but the 
dynamic load was performed by impact loading test 
device, Fig. 4. This device consists of the rigid 
circular plate (l) with the contact area 
A = 1000.0 cm2, 
8 
D "340.0mm 
01, 02 - Measured points for dynamic 
vertical displacements, OLT. 
Figure 4 Dynamic Loading Test Device. 
this case the dynamic moduli were calculated ac-
cording to eq. (1), where w is the measured value, 
averaged from values of the displ3cement measure-
ments at points Dl and D2 on the top of the cir-
cular plate and averaged from the 5 last values 
of the 6 performed impacts. Figure 5 shows typi-
cal time history of the dynamic deflection during 
the impact caused by dropping weight Q. 
0.5 
.J.- DROPPING 
TEST: T6- 4/4 I 4 I • ' WEIGHT 
GRAVEL SAND~= 1970 kgtm3 
W = 2.4 °/o 
0.0 t [s] 
Wd= 1,137mm 
1.0 W[mm] 
Figure 5 Displacement Time History of the Dy-
namic Loading Test 
EXPERIMENTS RESULfS 
Seven static loading tests and eight dynamic load-
ing tests were performed in each layer of the 
soils creating a corresponding combination of the 
subballast anJ subgrade in the box. Finally, we 
have obtained 35 values of the Er and 40 values 
of the Ed for the soil combinations in each box 
tests. There were carried out 6 combinations of 
soils with and without geofabrics at the top of 
the subgrade. Figure 6 shows the interpretation 
I I I 
2.0-l-------'<l.o.c SUBBALLAST WITHOUT 
GEOFABRICS 





sw SL GM MSISOILI 
GM = GRAVELSAND(~=2010 kg/m~ W = 2.3 °/o) 
MS=MO (~ = 1735 kg/m~ W= 13.90fo) 
SL = SLAG (~ = 2080 kg /m~ W = 7,4 Ofo) 
SW= SAND(~= 1875 kg/m~ W= 6,4°/ol 
dropping weight (2) with mass Q = 12.5 kg, in-
dention for setting the height of the weight (3), 
springs (4), plunger (5) guide rod (6) casing (7) 
and safety pin (8). Dl and D2 are points where 
the dynamic vertical displacements were measured 
by inductive displacement transducers. Measuring 
of the dynamic deflections were performed by the 
same set of the apparatus as in the static tests. 
Figure 2 shows location of the points where DLTs 
were performed. In each dynamic test there were 
carried out 6 impacts in the measured spot caused 
by dropping weight from constant height h. The 
height h was set experimentally to achieve the 
constant area impact stress p = 0. 22 MPa. In Figure 6 Ratio EdlEr for Individual Soils in the Box Test Combination 
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of the ratio EdlEr, which was calculated as a 
mean value of the statistical value collection of 
all corresponding tests. The correlation coeffi-
cient k varied from 0.85 to 0.92. 
CONCLUSION 
The box test results confirmed the results obtain-
ed by in situ tests by both the same ways and the 
same experimental set of the apparatus. The ad-
vantages of the box tests consist in the constant 
conditions during the performance of the box 
tests, possibility to change combinations of soils 
creating railway substructure and in the lower 
expenses in performing the study of the track 
structure material properties. The results will 
be utilized in performing DLT in the evaluation 
bearing capacity of structural layers of the 
substructure present and newly -built Czecho-
-Slovak railway networks. 
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